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(54) Improved light source arrangement for planar applications 



(57) A light source arrangement is used for provid- 
ing illumination to an essentially planar area (405) in an 
electronic device. The arrangement comprises an en- 
capsulated semiconductor light source (402) in the vi- 
cinity of an edge of an essentially planar light guide 
(404). Light emitted by the encapsulated semiconductor 
light source is to be coupled into the light guide through 
the edge. The encapsulated semiconductor light source 
comprises a semiconductor chip (301 ) encapsulated in 



an encapsulation block (302) that comprises a curved 
surface facing the edge of the planar light guide. The 
encapsulation block (302) has also a D-shaped cross 
section in a plane perpendicular to the plane of the es- 
sentially planar lightguide so that the arcuate part of the 
D corresponds to said curved surface. The encapsula- 
tion block extends to a predetermined distance in an ex- 
tension direction locally perpendicular to the plane of 
said D-shaped cross section. 
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Description 

[0001] The invention relates in general to th opto- 
mechanical structure of semiconductor light sources. 
Especially the invention relates to the design of the en- 
capsulation of such a light source for achieving optimal 
radiation characteristics. 

[0002] Semiconductor light sources or LEDs (Light 
Emitting Diodes) are widely used for lighting in all kinds 
of electrical appliances. Their advantages include small 
size, low power consumption and very long service life. 
[0003] In many cases it is necessary to use a limited 
number of light sources to illuminate a relatively large 
surface; usually there is also the requirement of as even 
a radiation intensity over the whole surface as possible. 
A typical example is the case of providing a backlight to 
an LCD or Liquid Crystal Display. Fig. 1 is a schematic 
cross section through a known LCD backlight arrange- 
ment. The eye of the viewer is supposed to be at the 
top, looking down essentially along the normal of the 
surface of an LCD element 1 01 . Below the LCD element 
there is a lightguide 102, which is an approximately pla- 
nar element the purpose of which is partly to allow light 
to propagate in the horizontal direction and partly to re- 
fract it upwards through the LCD element. The origin of 
the light is a semiconductor light source 103 or usually 
a number of them distributed around the circumference 
of the lightguide 102. 

[0004] The performance of the arrangement accord- 
ing to Fig. 1 is evaluated in terms of the distribution of 
illumination observed by the user. The more even the 
illumination over the whole area of the LCD element, the 
better the backlight arrangement. Fig. 2 illustrates some 
known imperfections in the illumination pattern viewed 
by a user. The light emitted by the light sources 201 , 202 
and 203 may not reach far enough in the lightguide to 
provide illumination to the far end of the LCD element, 
giving rise to a dark zone 204 at the far end. On the other 
hand, a significant amount of light may be refracted 
through the LCD element in the immediate vicinity of the 
light sources, producing bright spots 205, 206 and 207. 
Additionally the radiation lobes of the light sources may 
not be wide enough, resulting in dark corners 208 and 
209 and dark wedges 210 and 211 between the light 
sources. 

[0005] The general developmental trend in portable 
electronic devices is towards even further miniaturiza- 
tion. On one hand this requires further reduction in the 
physical size of the components, meaning for example 
that the lightguide 102 illustrated in Fig. 1 should be 
made thinner. On the other hand the miniaturization sets 
tighter and tighter requirements to the power consump- 
tion of the devices, because a small device needs a 
small battery the capacity of which is limited. These re- 
quirements have made it more difficult to evenly illumi- 
nate a planar area like an LCD. If the lightguide is made 
thinner the relative amount of light coupled into it tends 
to get smaller, which has a general detrimental effect on 



the illumination. The requirement for further reductions 
in power consumption would suggest using a smaller 
number of light sources around the area to be illuminat- 
ed, which naturally makes it more difficult to distribute 

s the generated light evenly. 

[0006] It is an object of the present invention to pro- 
vide an improved lighting arrangement for generating a 
relatively even distribution of illumination over an essen- 
tially planar surface. It is a further object of the invention 

to to provide such a lighting arrangement that would con- 
sume a relatively low amount of power. An additional 
object of the invention is to provided a lighting arrange- 
ment of the above-described kind which is advanta- 
geous in terms of applicability to automated mass pro- 

js duction. 

[0007] The objects of the invention are achieved by 
providing a novel design for the transparent substance 
encapsulating each semiconductor light source. 
[0008] It is characteristic to the light source arrange- 
20 ment according to the invention that an encapsulated 
semiconductor light source comprises a semiconductor 
chip encapsulated in an encapsulation block that 

comprises a curved surface facing the edge of an 
essentially planar light guide, 
has a D-shaped cross section in a plane perpendic- 
ular to the plane of the essentially planar lightguide, 
the arcuate part of the D corresponding to said 
curved surface and 

extends to a predetermined distance in an exten- 
sion direction locally perpendicular to the plane of 
said D-shaped cross section. 

[0009] According to the invention, the light generated 
in the semiconductor chip that constitutes the actual 
light source is colltmated to a generally fan-like shape 
by using a transparent encapsulation around the semi- 
conductor chip and designing it to a form that is basically 
an extruded D. The distance between the surface of the 
semiconductor light source and that of the surrounding 
encapsulation material in the principal direction of radi- 
ation is larger than the radius of curvature of the D- 
shaped surface. The encapsulated semiconductor light 
source is arranged into the close vicinity of a planar light- 
guide. 

[001 0] A study of the optical characteristics of the light 
source arrangement according to the invention shows 
that the fan-shaped distribution of radiated light allows 
an effective coupling of radiated light into thinner light- 
guides than with prior art structures. Also the illumina- 
tion pattern observed from a direction normal to the 
plane of the lightguide is more even. These advantages 
of the invention allow for the designer to select a suitable 
compromise between reduction in thickness and power 
consumption on one hand and enhanced illumination on 
the other In other words, if the physical size and power 
consumption are the same as previously except for the 
novel design of the encapsulation, more effective illumi- 
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nation is achieved, and if the previously determined lev- 
el of illumination is deemed sufficient, the number and 
size of separate components may be reduced. 
[0011] The novel features which are considered as 
characteristic of the invention are set forth in particular 
in the appended Claims. The invention itself, however, 
both as to its construction and its method of operation, 
together with additional objects and advantages thereof, 
will be best understood from the following description of 
specific embodiments when read in connection with the 
accompanying drawings. 

Fig. 1 illustrates a prior art illumination ar- 

rangement, 

Fig. 2 illustrates some known imperfec- 

tions of illumination, 

Figs. 3a to 3c illustrate some structural principles 
according to the invention, 

Fig. 4 is a cross section through an illumi- 

nation arrangement according to 
the invention, 

Fig. 5 illustrates some effects of dimen- 

sioning, 

Figs 6a to 6c illustrate some dimensioning possi- 
bilities and 

Fig. 7 illustrates dimensioning in the hori- 

zontal plane. 

[0012] Figs. 1 and 2 have been referred to previously 
in context of the description of prior art, so the following 
discussion will concentrate on Figs. 3a to 7, 
[001 3] Fig. 3a shows the simplest meaning of an "ex- 
truded D" physical shape in a perspective drawing. An 
encapsulated semiconductor light source is shown 
where a semiconductor chip 301 capable of emitting 
electromagnetic radiation in the visible part of the spec- 
trum (wavelengths between approximately 400 and 800 
nm) is surrounded by a block of encapsulation material 
302 which is transparent in at least a part of said range 
of visible wavelenghts. The shape of the semiconductor 
chip 301 has little significance to the invention; as an 
example a chip in the shape of a rectangular prism is 
shown. The principal direction of radiated light from the 
semiconductor chip is the x direction in the illustrated 
coordinate system. 

[0014] The encapsulation block 302 has a constant 
cross section in the xz plane, the form of which resem- 
bles closely a capital D: it is limited by a first straight line 
segment in the z direction, two parallel second straight 
line segments each joining one end of the first straight 
line segment at a right angle and extending towards the 
positive x direction, and an arcuate section connecting 



those ends of the second line segments together that 
are not connected to the first line segment. With such a 
cross section the encapsulation block extends over a 
predetermined range in the y direction so that the result- 

s ing physical shape has a planar, rectangular back sur- 
face in the yz plane; parallel, planar and rectangular top 
and bottom surfaces in the xy plane; two parallel, planar, 
D-shaped end surfaces in the xz plane; and a curved 
front surface joining the arcuate sections of the D- 

10 shaped end surfaces and those sides of the top and bot- 
tom surfaces that are farthest away from the back sur- 
face. All terms that refer to certain directions, like "back", 
"top", "bottom", "end" and "front", are used throughout 
this patent application only as references to the location 

is of the corresponding parts or surfaces in the drawings. 
They do not place any directional limitations to the man- 
ufacture or use of the light source arrangement accord- 
ing to the invention. 

[0015] The semiconductor chip 301 is located approx- 
20 imately at the middle point of the back surface of the 
encapsulation block 302 so that the principal direction 
of radiation, illustrated with a dashed arrow, is from the 
front surface of the semiconductor chip directly to the 
positive x direction through the center of the curved front 
25 surface of the encapsulation block. Later we will de- 
scribe the location alternatives of the semiconductor 
chip within the encapsulation block in greater detail. 
Connection leads will be needed to conduct an electric 
current through the semiconductor chip in order to pro- 
30 duce an emission of light; the placement of these is un- 
essential to the invention as long as they do not block 
the propagation of light so they are not separately shown 
in Fig. 3a. 

[0016] Fig. 3b illustrates another interpretation to the 
35 expression "extruded D". In Fig. 3b the encapsulation 
block 303 has exactly the same cross section in the xz 
plane as the encapsulation block 302 of Fig. 3a, when 
the cross section is taken through the center point of the 
semiconductor chip 301 . From this particular central lo- 
40 cation to a predetermined equal distance in the positive 
and negative y directions the cross section remains the 
same, like in the embodiment of Fig. 3a. Thus at the mid- 
dle of the encapsulation block in the y direction, the ex- 
trusion direction is said to be parallel to the y axis. How- 
45 ©ver, towards the ends of the encapsulation block in the 
y direction, symmetrically at each end, there are sec- 
tions where the extrusion direction abruptly changes by 
a certain amount from the y axis towards the negative x 
direction. The curved front surface of the encapsulation 
so block consists of N facets (here: N = 3) so that in math- 
ematical terms each facet is the surface defined by the 
linear movement of a planar arc in the direction which 
is perpendicular to the plane of the arc. Said direction 
is also designated above as the (local) extrusion direc- 
ts tion. 

[0017] The invention does not limit the value of the 
number N as long as it is a positive integer. At very large 
values of N the form of the encapsulation block ap- 
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proaches that illustrated in Fig. 3c, which comprises a 
top view, an end view and a back view of an encapsu- 
lated semiconductor light source according to an advan- 
tageous embodiment of the invention. The outline of the 
encapsulation block 304 in this particular embodiment s 
may again be described in mathematical terms so that 
it conforms to the surface defined by a D-shaped closed 
curve which is rotated by 180 degrees around the 
straight vertical line segment at the left of the D. It also 
falls within the definition "extruded D" if we accept the 10 
fact that extrusion may take place along an arcuate path 
which at each discrete location has a tangent that is per- 
pendicular to the plane of the D. We may say that the 
extrusion direction is locally perpendicular to the plane 
of the D-shaped cross section. is 
[001 8] Fig. 4 is a schematic cross section through an 
illumination arrangement according to the invention. A 
PCB or Printed Circuit Board 401 serves as the mechan- 
ical support tor the structure as well as the carrier of all 
necessary electrical connections to and from the differ- so 
ent components. An encapsulated light source 402 hav- 
ing the structure described above in connection with one 
of Figs. 3a to 3c is attached to a pair of connection pads 
403 on the surface of the PCB; in other words a surface 
mounted version of the encapsulated light source is 2S 
used. A planar lightguide 404 lies between the PCB 401 
and an LCD element 405 so that a significant amount of 
the light emitted by the encapsulated light source is cou- 
pled into the lightguide. The optical characteristics of the 
planar light guide, known as such, are such that it will 30 
scatter and refract the light coupled into it upwards 
through the LCD element thus providing a backlight to 
the display. 

[001 9] Fig. 5 illustrates some aspects of dimensioning 
the encapsulation block and placing the semiconductor 35 
chip within it when an encapsulation block according to 
Fig. 3a is used. A distance X describes the distance be- 
tween the emission surface of the semiconductor chip 
and the farthest point on the limiting surface of the en- 
capsulation block in the principal direction of radiation, 40 
i.e. the middle point of the curved front surface. Another 
distance D describes the distance between the planar 
top and bottom surfaces of the encapsulation block, i.e. 
the "thickness" of the encapsulation block, and still an- 
other distance L describes the distance between the pla- 45 
nar end surfaces of the encapsulation block, i.e. the 
"length 11 of the encapsulation block. If the curved front 
surface of the encapsulation block is exactly one half of 
a circular cylindrical surface, the distance D is equal to 
the diameter of such a surface and consequently equal so 
to two times the radius of curvature of the front surface. 
The invention does not require the curved front surface 
to be a part of a circular cylindrical surface; its cross sec- 
tion may be for example hyperbolic or parabolic (com- 
monly known as curved conic sections) or it may have ss 
some other curved form. 

[0020] In the following we will concentrate on analys- 
ing the distances X and L, in other words the "depth" in 



which the semiconductor chip lies in relation to the 
curved front surface and the width of the sector in which 
the semiconductor chip "sees" th endpoints of the 
curved front surfaces. It is assumed that the semicon- 
ductor chip lies in the middle of the encapsulation block 
in the z and y directions. 

[0021] It has been noted in the development work of 
the present invention that if the distance X is close to 
zero as in Fig. 6a, the radiation pattern illustrates with a 
dashed line is close to a so-called Lambertian pattern 
in which the radiation emitted per unit area into a direc- 
tion B in relation to the principal direction of radiation fol- 
lows the formula 1(6) = l(0)cose. This pattern is not very 
advantageous in an arrangement according to Fig. 4 be- 
cause a relatively large amount of light escapes without 
being coupled into the lightguide. If the distance X is in- 
creased from 0 towards a limiting value r which is equal 
to D/2, the radiation pattern continues to be essentially 
Lambertian with only its relative size increasing; see Fig. 
6b. However, if the distance X is greater than D/2, the 
radiation pattern is not Lambertian any more but starts 
resembling a lobe like in Fig. 6c. In an arrangement ac- 
cording to Fig. 4 this is advantageous, because the nar- 
rower the lobe the larger the relative amount of light that 
will be coupled into the lightguide. The lobe will generally 
get narrower with the distance X increasing to higher 
values greater than D/2. Therefore it may be concluded 
that in an arrangement according to the invention, the 
distance between the emission surface of the semicon- 
ductor chip and the farthest point on the limiting surface 
of the encapsulation block in the x direction is advanta- 
geously larger than one half of the dimension ot the en- 
capsulation block in the z direction. A practical upper 
limit for the dimension X will be determined by the fact 
that the larger the distance X, the larger the size of the 
encapsulated semiconductor light emitting device so 
that at some point it will become unconveniently large. 
[0022] Above we have analysed the form of the radi- 
ation pattern in the xz plane or the "vertical" plane in 
relation to the arrangement of Fig, 4. It is easy to under- 
stand that a narrow radiation lobe in the vertical direction 
will provide advatange by enhancing the coupling of light 
into the lightguide. However, in the xy plane or "horizon- 
tal" plane the situation is different: actually a wide radi- 
ation pattern would be advantageous because it would 
help in avoiding the dark corners and dark wedges illus- 
trated previously in Fig. 2. 

[0023] Fig. 7 illustrates the situation in the xy plane 
when the semiconductor chip is at some distance X from 
the front surface of the encapsulation block. The refrac- 
tion index of the encapsulation material is generally larg- 
er than that of the surrounding air or other medium, so 
light emitted obliquely towards the front surface will gen- 
erally refract into a direction more far away from the sur- 
face normal according to the known Sn ell's law. At some 
limiting angle 6 0 a light ray emitted into that angle will 
be refracted to a direction parallel to the front surface 
like the ray 701 in Fig. 7. The formula for the critical angle 
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is known to be e c = arcsinfn^), where n 2 and n t are 
the refraction indices of the surrounding medium and the 
encapsulation material respectively. The width L of the 
encapsulation block is most advantageously deter- 
mined so that a light ray emitted to the critical angle in s 
the xy plane will still hit the front surface and not an end 
surface of the encapsulation block, but light rays emitted 
at larger angles will hit the end surfaces. The correspod- 
ing definition of L will naturally depend on the distance 
X; mathematically the definition is L = 2Xtan9 c . The dis- 10 
tance L may also be larger. In determining the critical 
angle it must be noted that the emitted light will experi- 
ence refraction also at the boundary between the sem- 
iconductor material and the encapsulation material; tak- 
ing such a refraction into account is well within the ca- is 
pabilities of a person skilled in the art. 
[0024] The results discussed above in connection 
with Figs. 6a to 6c are easily applied to the embodiment 
of the invention where the encapsulation block has the 
form illustrated in Fig. 3c. It is easily noted from Fig. 3c 20 
that the radius of curvature of the limiting arcuate form 
of the encapsu lation block in the end view is much smal I- 
er than the "extrusion radius" or the radius of curvature 
seen in the top view. Using the designations D1 and D2 
as shown in Fig. 3c and X for the distance between the 25 
surface of the semiconductor chip and the front surface 
of the encapsulation block in the principal direction of 
radiation we note that X = D1 / 2 and X » D2 / 2. The 
radiation pattern of the embodiment of Fig. 3c is there- 
fore essentially Lambertian according to Fig. 6b in the 30 
horizontal plane but resembles the lobe of Fig. 6c in all 
vertical planes. 

[0025] The embodiments presented above are natu- 
rally only examplary and they should not be understood 
as placing limitations to the applicability of the invention. 35 
For example, the invention does not require that the 
edge of the lightguide should be straight or that the light- 
guide should be rectangular in shape. In some applica- 
tions the whole display arrangement may be for exam- 
ple circular, in which case it is natural that also the light- 40 
guide is circular. In that case the "extrusion direction" 
oor the direction known as they direction in the drawings 
should coincide with the direction of a local tangent to 
the edge of the lightguide in the vicinity of the semicon- 
ductor light source. In another variation ol the invention *s 
it is possible to apply a reflective coating to some sur- 
faces of the encapsulation block other than the front sur- 
face, in order not to leave possible escape routes for 
light rays refracted back and forth inside the encapsu- 
lation block. so 



Claims 

1. A light source arrangement for providing illumina- 
tion to an essentially planar area (405) in an elec- 
tronic device, comprising an encapsulated semi- 
conductor light source (402) in the vicinity of an 



edge of an essentially planar light guide (404) into 
which light emitted by the encapsulated semicon- 
ductor light source is to be coupled through the 
edge : characterized in that the encapsulated sem- 
iconductor light source comprises a semiconductor 
chip (301) encapsulated in an encapsulation block 
(302) that 

comprises a curved surface facing the edge of 
the essentially planar light guide, 
has a D-shaped cross section in a plane per- 
pendicular to the plane of the essentially planar 
lightguide, the arcuate part of the D corre- 
sponding to said curved surface and 
extends to a predetermined distance in an ex- 
tension direction locally perpendicular to the 
plane of said D-shaped cross section. 

2. A light source arrangement according to claim 1, 
characterized in that said curved surface has a 
cross section that is a curved conic section. 

3. A light source arrangement according to claim 1, 
characterized in that said semiconductor chip has 
an emission surface facing said curved surface of 
the encapsulation block, and the curved surface 
has a middle point at the point where the central 
normal of said emission surface intersects the 
curved surface, wherein the distance (X) between 
said emission surface and said middle point along 
said central normal is larger than one half of the di- 
mension (D) of said encapsulation block in the di- 
rection perpendicular to the plane of the essentially 
planar lightguide. 

4. A light source arrangement according to claim 3, 
characterized in that said curved surface has a 
semicircular cross section and it extends linearily to 
a predetermined distance so that it constitutes a half 
of a circular cylindrical surface. 

5. A light source arrangement according to claim 4, 
characterized in that the dimension ol said encap- 
sulation block in said extension direction is at least 
equal to 2Xtan6 c , where X is said distance between 
said emission surface and said middle point and 0c 
is the critical angle of refraction between the mate- 
rial of said encapsulation block and the surrounding 
medium. 

6. A light source arrangement according to claim 1, 
characterized in that the form of the encapsulation 
block is defined by a surface corresponding to a ro- 
tation of said D-shaped cross section by 180 de- 
grees around the straight vertical line segment at 
the left of the D. 

7. A light source arrangement according to claim 1, 
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characterized in that it is a backlight arrangement 
to a display in a mobile telephone. 
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